Crystal structure of glutamate dehydrogenase from the hyperthermophilic eubacterium Thermotoga maritima at 3.0 A resolution.
The extremely thermostable glutamate dehydrogenase from the hyperthermophilic bacterium Thermotoga maritima has been crystallized and the three-dimensional structure has been determined by X-ray diffraction methods. Crystals up to a maximum size of 1.2 mm have been grown in 3% polyethylene glycol, 120 mM ammonium acetate and 50 mM bis-tris propane (pH 6.5). The enzyme crystallized in the trigonal space group P3(1)21 with the cell dimensions a = b = 147.3 A, c = 273.6 A. The diffraction limit of these crystals is 3.0 A. Measured diffraction data have a completeness of 94% up to a resolution of 3.0 A and contain 75% of all possible data in the last resolution shell between 3.1 and 3.0 A. The crystal structure of T. maritima glutamate dehydrogenase has been solved by Patterson search methods using the hexameric Pyrococcus furiosus glutamate dehydrogenase as a search model. The crystallographic refinement has been carried out to a maximum resolution of 3.1 A and an crystallographic R-value of 22.5% (Rfree = 29.5%). The three-dimensional structure of the T. maritima enzyme shows typical features of hexameric glutamate dehydrogenases: six subunits are arranged in 32 symmetry. Each subunit consists of two domains connected by a flexible hinge region. Secondary structure elements as well as residues important for the catalytic activity of the enzyme are highly conserved. A structural comparison of the two glutamate dehydrogenases from the hyperthermophiles T. maritima and P. furiosus with the enzyme from the mesophilic bacterium Clostridium symbiosum has revealed that common as well as distinct mechanisms contribute to the thermal stability of these enzymes. The number of intrasubunit ion pairs is increased and the volume of intrasubunit cavities decreased in both thermostable enzymes, whereas striking differences have been observed in the subunit interfaces. In P. furiosus glutamate dehydrogenase the subunit interactions are dominated by ionic interactions realized by large saltbridge networks. However, in T. maritima glutamate dehydrogenase the number of intersubunit ion pairs is reduced and the hydrophobic interactions are increased.